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Anthrax: Transmission of Infection by
Non-Biting Flies.
By HARRY MORRIS.
During 1918 the Department of Animal Pathology of
the Louisiana Experiment Station published bulletin No.
163 entitled, "Blood-sucking Insects as Transmitters of
Anthrax". This publication was a report of a series of ex-
periments in which certain blood-sucking flies and mosqui-
toes were proven to be transmitters of anthrax.
Since the issuing of that report a great many inquiries
have been rceived by the department concerning the non-
biting insects as possible carriers of anthrax from infected
carcasses to living animals ; also the possibility of blow-flies
carrying the disease after emerging from carcasses of ani-
mals dead of anthrax.
In a review of the literature on anthrax very little
could be found concerning the direct transmission of an-
thrax by non-biting insects. A great many workers have
recovered anthrax bacilli from the bodies of flies after hav-
ing fed upon anthrax infected blood. Anthrax bacilli
have been recovered from blow flies which emerged from
larvae fed on meat infected with anthrax spores.
These results have all been obtained by foreign workers.
There seems to be no report of any work carried on under
conditions such as are found in the anthrax areas
of America.*
Enzootics of anthrax in Louisiana usually occur during
the summer months while all species of flies are prevalent.
Frequently the carcasses of animals dead of anthrax are
* (Pierce. "Diease Borne by Non-biting Flies" Lecture 8 Proceedings of the
Class Formed to Study the Entomology of Disease, Hygiene and Sanitation in
manuscript 1918).
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not properly destroyed and maggot flies develop in great
numbers. Sometimes, through ignorance, the skins are re-
moved. It has long been the practice in some sections of the
state to scarify anthrax swellings on horses and mules al-
lowing the blood to escape. This is a very dangerous practice
as the escaping blood and serous exudate are filled with an-
thrax bacilli.
With these sources of infection present during out-
breaks of anthrax, itwas thoughit possible that the non-biting
insects might be transmitters of the disease. A study of
some of the common insects as carriers of anthrax was un-
dertaken in the pathology laboratory of the Louisiana Ex-
periment Station and the following is a report of the work.
The purpose of the experiments was to test the possi-
bility of flies, after having fed upon anthrax-infected ma-
terial, carrying infection to wounds on healthy animals,
also the possibility of flesh or maggot flies carrying infection
after being developed in anthrax carcasses.
The flies used in these experiments were the house fly,
Musca domestica and the maggot flies, commonly called
"blue bottle" and "green bottle" flies, Calliphora erythroce-
phala, Lucilia caesar, Lucilia sericata*
TECHNIQUE
Guinea pigs were inoculated with a loop of anthrax
spores injected subcutaneously or into the abdominal cavity.
These inoculated guinea pigs were used as sources of infec-
tion. In some cases a piece of liver or spleen from a carcass
was used as infected material while in others the external
swelling on the living pig. A microscopic examination of
all material was made to determine the presence of anthrax
bacilli. The flies were bred in breeding cages. A single fly
was placed in one of the large wide-mouthed sterile test
tubes which were used as retainers for the flies. A guinea
pig was secured on a small table with the abdominal surface
~^ih^s77eterminations were made by Mr F C. Bishop, U. S. Bureau of
Entomology). All experiments were conducted with guinea
pigs as experimental
animals under as nearly natural conditions as possible.
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up and the hair removed. An incision about an eighth of
an inch long was then made through the skin.
A very small piece of anthrax-infected liver or spleen
was placed in a sterile petri dish. Over this piece of anthrax
material a test tube containing one fly was inverted. The
fly was observed closely until it descended into the dish and
either fed or walked over the anthrax infected material.
In some experiments the fly was transferred directly to the
the susceptible animal and observed until it visited the skin
wound. In others a period of time was allowed to elapse
between the feeding on the infected material and the sus-
ceptible animal. In the latter experiments the fly was trans-
ferred to another sterile test tube before feeding upon the
susceptible animal. This was done to eliminate the possibil-
ity of carrying anthrax infection by a contaminated test
tube.
After death post mortems were made of all guinea
pigs and bacteriological examinations made of the blood
taken from the spleen. All doubtful cases were cultured and
animal inoculations made to prove results.
The results of these experiments are given in Table I.
TABLE 1.




















32 House fly 0 15 46
15 Blue bottle fly 0 6 40
12 House fly 5 minutes 9 75
12 House fly 20 minutes 6 50
6 House fly 80 minutes 3 50
8 House fly 240 minutes 2 25
8 House fly 300 minutes 2 25
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Table No. 1, shows that a single fly feeding upon flesh
from an anthrax carcass transmitted the disease to a guinea
pig through a small skin lesion. The results show that a fly
could transmit the disease for a period of five hours after
having fed upon infected flesh.
In most cases the external or carbuncular form of an-
thrax was produced. The guinea pig died anywhere from
forty-eight to seventy-two hours after being exposed to the
infected fly.
The transmission of the disease was mechanical, the
anthrax bacilli being carried from the infected material to
the susceptible animal on the soiled proboscis and feet of
the fly. In some cases infection would be produced by the
fly walking over the wound on the susceptible animal.
LIVING ANIMAL AS A SOURCE OF INFECTION
In another experiment a live guinea pig sick with the
external form of anthrax was used as the source of infec-
tion. Method :- Several guinea pigs, including the infected
one, were secured on small tables with the abdominal sur-
faces up. A small incision was made through the skin into
the carbuncular swelling on the infected animal. Through
this incision a drop of serous fluid would escape which was
used as the source of infection. The same technique was
used as in the preceding experiment. The house fly and
stable fly (Stomoxys calcitrans)y were used in this experi-
ment. The results are given in Table 2.
TABLE 2.




















18 House fly 0 7 39
6 Stable fly P 1 16
tWhile Stomoxys calcitrans is a biting fly, it was used as a mechanical
carrier in the same manner as the house fly (Musca domestica.)
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Table 2. shows that a fly after feeding on the serous
discharge from an opened anthrax swelling transmitted the
disease to a healthy guinea pig by feeding upon a skin
wound.
The opening of anthrax swellings on animals is a very
dangerous and useless practice. It not only produces a
source of infection for insects but every drop of the bloody
discharge contains anthrax bacilli which contaminates the
grass and soil wherever dropped.
ANTHRAX IN DECOMPOSING CARCASSES
In certain parts of Louisiana, especially in the forest
and swampy areas, carcasses of animals which die of an-
thrax are frequently overlooked and are left undestroyed
until destroyed by carrion eating animals, birds and insects.
The possibility of the spread of anthrax by carrion feeders
has been reported in Bulletin 136 of this Station. The
possibility of insects breeding in these carcasses and then
carrying the disease to other localities has never previously
been carefully investigated in this region.
In order to determine the role of insects in the dissemi-
nation of anthrax from anthrax carcasses, a series of experi-
ments were conducted during the years 1918 and 1919.
Some interesting results were obtained in regard to the time
the vegetative and spore stages of anthrax are able to
survive in decomposing carcasses at summer temperature
and also the relation of maggots to the spread of the disease.
The flies used in these experiments were Calliphora erythro-
cephala, Lucilia caesar and Lucilia sericata, commonly
known as blue bottle and green bottle flies.
Gunea pigs which had died of anthrax were used as
breeding material for the flies. The experiments were car-
ried on in breeding cages prepared especially for this work.
The dimensions of the cages were 12x12x12 inches. The
sides were of glass and the top consisted of a closely fitting
sliding door. The ventilator was covered with a fine copper
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wire screen, forty meshes per inch. This cage gave complete
protection against gnats which gave considerable trouble
during the early work on this problem. Two inches of sand
were placed in the bottom of each cage on which a guinea
pig dead of anthrax was laid. Eggs or young larvse of flies
which had been deposited upon a carcass free of anthrax
were placed upon the anthrax infected carcass in the cage.
This method was followed to reduce the chances of spread-
ing the disease while obtaining an infestation of maggots.
Ten different tests were made with the maggot fly during
the summer months. In each test three guinea pigs were
inoculated with a suspension of anthrax spores. After
death the carcasses were disposed of as follows: one was
opened, a blood smear made and examined for anthrax bacil-
li. If the diagnosis was positive the other two carcasses
were placed in breeding cages. On one was placed a number
of fly eggs, while the other was kept free of maggots as a
check. As soon as the maggots developed, a number were
collected and cultures made to determine the presence or
absence of anthrax bacilli in or on their bodies.
Method—First. A maggot was placed in a sterile plate
and allowed to crawl over the surface of the agar culture
media. Second. A maggot was placed in a test tube con-
taining ten cubic centimeters of sterile water. Agar dilu-
tion plates were made from the contents of this tube in the
usual manner.
Fifteen maggots were collected from each anthrax car-
cass and cultures made as described above. No colonies of
anthrax developed in cultures.
The interior of the maggot was examined for anthrax
bacilli in the following manner: A maggot was placed in
a solution of bichloride of mercury and allowed to remain
in the solution for ten minutes. It was then placed in a
sterile dish, torn open with sterile forceps, and cultures
made from the interior, as described above.
The same number of maggots were cultured as in the
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preceding experiment with the same result—no anthrax
colonies developed.
At the time the maggots were examined the check car-
casses were also opened and cultures made from the liver,
spleen and heart. No anthrax developed in any of the
plates.
The pupal stage of the fly would usually last from two
to three weeks. As soon as the flies appeared in the cage,
fifteen were collected and cultures made from their bodies
to determine the presence or absence of anthrax becilli.
Practically the same technique was used as with the mag-
gots. One hundred and fifty flies were examined. Results
were negative. No colonies of anthrax developed in the
cultures.
The results of the above experiments would indicate
that flies breeding, in unopened carcasses of animals dead
of anthrax during the summer months in Louisiana do not
carry anthrax bacilli on or in their bodies. It would appear
that the vegetative stage af anthrax is destroyed during the
summer months in Louisiana in the unopened carcasses by
the process of decomposition. Spores of anthrax do not
form in the unopened carcasses.
It is probable that the same conditions would not be
found present during the colder weather of the winter
months. Decomposition is much slower at low temperatures.
This was tested out in December and January. Ten carc-
casses of guinea pigs dead of anthrax were placed in a cool
unheated room for a period of twenty days. At this time the
carcasses had partly dried up. Cultures made from these
pigs, from time to time, always showed the presence of an-
thrax.
Spores, however, develop very quickly on the surface of
any opening in the carcass, not only in the natural openings,
but also in cuts and injuries of various kinds. Carcasses
are frequently torn open by carrion feeders, thus allowing
abundant spore formation. On account of the resistance of
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the spores of anthrax, it was necessary to run some experi-
ments with the flies on carcasses that had been opened and
in which spores had developed. A few experiments were
conducted along this line.
Anthrax carcasses were opened by cutting away the
abdominal wall. The carcasses were infested with the eggs
or young larvae of the flies. The same method was followed
as in the preceding experiment. Fifteen maggots and the
same number of flies were collected from each carcass. Five
carcasses were used in the experiment. Results: Cultures
of anthrax were recovered from ten maggots. No anthrax
was recovered from the flies.
EFFECT OF DECOMPOSITION ON ANTHRAX SPORES
A few tests were conducted to determine the effect of
animal decomposition upon anthrax spores. Method: A
suspension of anthrax spores was injected into the carcass
of a healthy guinea pig. The carcass was placed in an incu-
bator at 35°C and allowed to remain for twenty days. It
was then opened and cultures made from the contents of the
abdominal cavity. Anthrax colonies developed in every cul-
ture.
Five carcasses were prepared in the same manner as
above, placed in the breeding cages and infested with eggs
or young larvse of the bluebottle fly. Twelve maggots, and
the same number of flies, from each cage were cultured as
in the previous experiments with the following results
:
Anthrax was recovered from the outside and inside of every
maggot examined. Anthrax was recovered in like manner
from all the flies examined.
Three pupa? were placed in a large test tube partly
filled with sterile sand. After the flies had hatched, the
puparia were collected and cultured. Colonies of anthrax
developed in every culture.
The results of the above experiments would indicate
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that the spore form of anthrax is not destroyed by the pro-
cess of decomposition of the animal carcass. Also that flies
bred in the presence of anthrax spores do carry infection on
and in their bodies.
SUMMARY AND CONCLUSIONS
Briefly, the results of the experiments described above
may be summed up as follows: 1. The house fly, Musca
domestica, and the "blue bottle", or "green bottle" flies,
Calliphora erythrocephala, Lucilia caesar and Lucilia seri-
cata are capable of carrying anthrax infection to wounds
on healthy animals, after having fed upon anthrax-infected
flesh. 2. The House fly and the stable fly, Stomoxys calci-
trans, are capable of carrying anthrax infection to wounds
on healthy animals after having fed upon the discharges
from an open carbuncular swelling on an animal sick with
anthrax. 3. Flies bred out of an unopened anthrax car-
cass during the summer months in Louisiana do not carry
anthrax infection. 4. The results would indicate that flies
bred in the presence of anthrax spores do carry anthrax
infection. 5. The results would indicate further that the
vegetative form of anthrax in the unopened carcass is de-
stroyed by the process of decomposition.
In this report on the subject of anthrax transmission
by non-biting flies, the results obtained apply to conditions
as found in Louisiana.. The results of this work should
prove the necessity for prompt and complete destruction of
all anthrax carcasses. They should also help to educate the
people against the dangerous and useless practice of opening
anthrax swellings on animals sick with the disease. The
results should prove the necessity of giving animals greater
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